Background: The aim was to ascertain the 1-year clinical outcomes of 1,234 patients who underwent implantations of sirolimus-eluting stents (SES) for acute myocardial infarction (MI) in the multinational (HR 13.4; 95% CI 5.0, 36.0; P < 0.001) and MI (HR 58.9; 95% CI 26.9, 129.1; P < 0.001)
Introduction
Early percutaneous coronary intervention (PCI) with stent implantation is a widely accepted strategy for the management of acute myocardial infarction (MI) with or without ST segment elevation. 1, 2 Furthermore, in comparative trials, sirolimus-eluting stents (SES) were distinctly more effective than bare metal stents (BMS) in the prevention of coronary artery restenosis after primary PCI, [3] [4] [5] whereas the performance of paclitaxel-eluting stents has been mixed. 6, 7 In contrast with their reliable estimates of angiographic endpoints, such as target lesion and target vessel restenosis, randomized trials have been weak at measuring clinical outcomes, because of their stringent inclusion and exclusion criteria, and the low incidence of adverse events observed in selected, relatively low-risk populations treated by highly experienced interventional cardiologists. Large, meticulously organized multicenter registries are a powerful means of studying the performance of new therapies broadly implemented in "real-world" practice, and of examining the incidence of infrequent, long-term clinical events, such as stent thrombosis (ST) .
Using data from e-SELECT, a prospective observational registry of patients who underwent implantation of SES, we focused on the 1-year clinical outcomes of patients who underwent PCI within <24 hours after the onset of stent thrombosis-elevation myocardial infarction (STEMI) or non-STEMI.
Registry Sample and Methods
The e-SELECT worldwide registry has been described elsewhere in detail. 8 In brief, baseline data were collected between May 2006 and April 2008 in consecutive recipients of ≥1 CYPHER Select R or CYPHER Select R Plus (Cordis Corporation, Bridgewater, NJ, USA), implanted at 320 medical centers in 56 countries. The protocol specified few inclusion or exclusion criteria. Off-label indications were not prohibited, and all post-procedural medical management, including antithrombotic therapy, was prescribed according to usual local practices. The patients were followed clinically at 30, 180, and 360 days after SES implantation. The protocol was approved by the ethics committee of each participating medical center and the patients granted their consent to participate in the registry after undergoing the index procedure.
Study Groups Definitions. This analysis compares the clinical, angiographic and procedural characteristics, and 1-year clinical outcomes of 1,234 patients who presented within <24 hours of the onset of MI (acute MI group) versus 13,913 patients who underwent SES implants for indications other than acute MI (no acute MI group). MI was classified according to ST changes on the surface electrocardiogram (ECG) as non-STEMI or STEMI, and was diagnosed on the basis of elevated serum creatine kinase (CK) or CK-MB enzyme concentrations, in presence (Q-wave MI) or absence (non Q-wave MI) of new pathological Q waves in ≥2 contiguous leads of the surface ECG. MI was classified as undetermined if the preand postprocedural ECG was not available. Among the 1,234 patients who presented within <24 hours of MI onset, 589 (47.7%) presented within <12 hours.
Data Collection and Management. The data collected by the e-SELECT registry include demographic information, general health and cardiovascular history, assessment of angina status, co-morbidity, 9 lesion and procedure characteristics, procedural outcomes, measurements of serum cardiac enzymes and creatinine, pre-and postprocedural ECG, cardiac medications and antithrombotic regimens, and postprocedural clinical observations up to 1 year of follow-up.
The data were collected electronically at each participating medical center, transferred to an independent data management organization (KIKA Medical, Nancy, France), and analyzed by an independent clinical research organization (Cardialysis, Rotterdam, Netherlands). The overall consistency and accuracy of data collection was monitored by an independent organization (Covance, Princeton, NJ, USA) in a random selection of 20% of the overall sample at 100 enrolling centers.
End-points of the e-SELECT Registry. The primary end-point of the registry was a composite of definite and probable ST, as defined by the Academic Research Consortium (ARC) 10 at 1 year of follow-up. The secondary end-points at 1 year included MB according to the Safety and Efficacy of Enoxaparin in PCI (STEEPLE) trial definition, 11 cardiac and noncardiac deaths, MI, and major adverse cardiac events (MACE), defined as any death, MI, or target lesion revascularization (TLR).
Study Organization and Supervision. A steering committee (Appendix A) planned the analysis of the registry, and presentations and publications of the results. A clinical event committee (Appendix A), composed of interventional cardiologists not associated with the sponsor and not participants in the registry, adjudicated all MACE, MB and acute, subacute, and late ST by a systematic review of the data collection forms and by review of the source documents, ECG, and angiograms, when necessary.
Statistical Analysis. For all patients, standard descriptive statistics were used for baseline, lesion, and procedural characteristics and for clinical results. Continuous variables are presented as means ± standard deviation (SD), or median and range, and categorical variables are presented as counts and percentages. Cumulative rates of adverse clinical events were calculated with event-specific adjusted denominators, such that all patients experiencing an adverse event within 360 days or followed for ≥330 days after the index procedure contribute to the denominator. Comparisons of continuous variables between both groups were made using one-way analysis of variance. Fisher's exact test was used to compare dichotomous variables and cumulative event rates. Because the cumulative rates of adverse clinical events did not correct for censoring within 330 days after the index procedure, Kaplan-Meier curves and time-to-event summaries were constructed, and the life-table method was used to examine the long-term incidence of clinical and safety end-points, correcting for all censoring, though the results were similar. Predictors of major clinical safety end-points were identified with the Cox proportional hazards, single and multiple variable analyses. For each outcome end-point, baseline covariates identified by the single variable analysis (P < 0.005) by a nonsignificant proportional hazards assumption test (P > 0.05 combined with graphic assessment), and by clinical relevance, were included in the multiple variable model stepwise selection procedure. An entry criterion probability value of 0.10 and a stay criterion of 0.15 were used, and baseline covariates with >15% missing values were excluded from the analysis. Missing values were not imputed. P values <0.05 were considered statistically significant. All statistical analyses were performed with the SAS software, version 8.2 (SAS Institute, Cary, NC, USA).
Results
Registry Sample and Clinical Characteristics of the Study Subgroups. The e-SELECT sample comprised 15,147 patients who fulfilled the inclusion and exclusion criteria specified in the protocol. Followup data were available in 14,905 patients at 30 days, 14,430 at 6 months, and 13,693 at 1 year, representing 99%, 96%, and 92% of survivors, respectively. This subgroup analysis compares the baseline clinical and angiographic characteristics, and the procedural and 1-year clinical outcomes of 1,234 patients (8.1%) with 1,507 treated lesions, who presented within 24 hours of onset of acute MI (acute MI group), versus those of 13,913 patients (91.8%) with 18,481 lesions, who underwent SES for other indications (no acute MI group). The clinical characteristics of the 2 groups are shown in Table 1 . The prevalence of (a) prior percutaneous or surgical revascularization, (b) risk factors for coronary artery disease (except for smoking), and (c) renal insufficiency was significantly higher in the no acute MI than in the acute MI group. Patients in the no acute MI group were also significantly more likely to present with multiple vessel disease.
Subgroups and Index Procedural and Angiographic Characteristics. The lesion and procedural characteristics of the patient subgroups are shown in Table 2 . The mean reference vessel diameter was significantly smaller, and mean preprocedural percent vessel stenosis significantly greater in the acute MI than in the no acute MI group. However, the proportion of restenotic lesions and the overall lesion complexity were significantly greater in the no acute MI group. Accordingly, the mean numbers of lesions and vessels treated, and the mean number of stents implanted per patient were greater in the no acute MI than in the acute MI group (Table 2) . Finally, approximately 60% and one-third of patients were treated with aspirin and clopidogrel, respectively, before undergoing the index SES implant procedure in the MI group, versus nearly 90% and one-third of patients, respectively, in the no acute MI group (P < 0.001 for both comparisons).
Long-Term Antithrombotic Therapy. The compliance with dual antiplatelet therapy (DAPT) was high in both patient subgroups (Table 3) . At 30-day followup, 98.0% and 98.1% of patients in the acute MI and no acute MI groups, respectively, were treated with aspirin and clopidogrel or ticlopidine, while 81.7% and 79.2% of patients, respectively, remained on DAPT at 12 months.
Stent Thrombosis, Major Bleeding, and Other Major Adverse Clinical Events. The rates of ST, MB, and MACE at 1 year are presented in Table 4 . The 1-year rates of ST were significantly higher in the acute MI than in the no acute MI group, due to a significantly higher incidence of acute and subacute ST. In the first 30 days, the rate of MB was 0.74% in the acute MI versus 0.35% in the no acute MI group (P = 0.47). Between 31 and 180 days, the rate of MB was Values are means ± SD, or % (numbers) of observations. significantly higher in the acute MI than in the no acute MI group (0.46% vs. 0.24%, P = 0.04). Between 181 and 360 days the rates of MB were similar in both groups (0.20% vs. 0.27%, P = 0.1). At 1 year, the rates of deaths from all causes, cardiac deaths, MI, TLR, and MB were similarly low in both groups (Table 4) . Figure 1 illustrates the significant difference between the 2 study groups in cumulative rates of definite and probable ST within the first month of follow-up and low incidence of ST in both groups thereafter.
Predictors of Adverse Clinical Events.
The independent predictors of death, MI, ST, and MB in the acute MI group by multiple variable analysis are shown in Table 5 . ARC-defined definite or probable ST related to the index procedure was a strong independent predictor of death and recurrent MI. Total or partial temporary interruption of DAPT within 30 days after the index procedure was a strong independent predictor of ST.
Discussion
In this subgroup analysis of the e-SELECT registry, the rates of death, MI, and TLR among patients presenting within <24 hours of acute MI onset were low. The incidence of acute and subacute ST in the acute MI group was higher than in the no acute MI group. Discontinuation of DAPT before 30 days was an independent predictor of ST. Interestingly, the increased rate of ST in the acute MI group was driven by a higher incidence of early (0 to 30 days) thrombotic events.
Several randomized trials and meta-analyses have compared the use of DES and BMS in the setting of primary PCI for acute MI. A lower rate of repeat revascularization was regularly observed with DES, without increase in the rates of death, recurrent MI or ST at 1 year. 12 Long-term follow-up was reported in 3 studies. [13] [14] [15] No difference in the rate of late ST was observed between DES and BMS, although these studies were underpowered to assess this safety endpoint. Registries have generated conflicting data. In a large US state-based registry, Mauri et al. noted a significant difference in the rate of repeat revascularization and a decrease in all-cause mortality favoring DES. 16 In contrast, Steg et al. reported a higher rate of death at 2 years in patients presenting with acute MI who received a DES during the initial hospitalization. 17 The reported incidence of late ST after DES implantation varies between 0.2 and 0.6% per year. [18] [19] [20] Pathological studies have shown that lack of complete endothelialization may be a leading cause of late DES thrombosis. 21, 22 Furthermore Nakazawa et al. observed considerably less vascular healing at plaque ruptures of culprit lesions than in stable culprit lesions. 23 Screening acute MI patients undergoing primary PCI for potential contraindications to prolonged DAPT may be difficult. In the PREMIER registry, nearly 1 in 7 patients who received a DES during primary PCI were no longer treated with a thienopyridine 30 days after the procedure. Prematurely stopping thienopyridine therapy was strongly associated with subsequent mortality. 24 Our subgroup analysis confirmed a high compliance with DAPT, similar to that observed among the stable patients enrolled in the e-SELECT registry. Moreover, the issues regarding the prescription of prolonged DAPT after implantation of a DES during primary PCI are overshadowed by the benefits it confers to patients presenting with an acute coronary syndrome (ACS). Given these demonstrated benefits, current guidelines on the management of STEMI recommend DAPT for 1 year after primary PCI, regardless of the type of stent implanted. 1, 25 Therefore, in acute MI treated by primary PCI, patient education should emphasize the importance of complying with long-term DAPT, whether or not a DES has been implanted. Careful patient Values are % (numbers) of observations; different denominators are due to missing data and deaths during follow-up. selection and a high compliance may explain the low rates of MACE noted in our registry. Despite the high compliance with DAPT, the rate of ST was higher in the acute MI than in the no acute MI group. Indeed, an ACS was a predictor of ST 26 also in the e-Cypher registry. The TRITON TIMI 38 study randomly assigned 12,844 moderate to high risk ACS patients scheduled for PCI to receive clopidogrel or prasugrel. 27, 28 The rates of ST increased depending on the risk profile, reaching 2.8% in the STEMI group treated with clopidogrel, after a median of 14.5 months. No difference in rates of ST was noted between DES and BMS recipients. The administration of prasugrel lowered the rate of ST by 21%. Therefore, ST is a concern in all acute MI patients undergoing primary PCI, regardless of stent type. The causes of ST in the setting of acute MI are multi-factorial. Clinical evidence for a relationship between underlying vascular inflammation and ST has been found in patients with ruptured plaque. Risk of ST is directly related to the acuity of the index clinical syndrome preceding stenting. Patients presenting with an ACS have a several-fold increased risk for ST regardless of stent type compared with patients with stable symptoms. 29, 30 Possible histopathologic mechanisms include the thin fibrous cap that characterizes vulnerable plaque, abundant inflammatory cells, and a necrotic lipid core. 31 Implantation of undersized stents has been recognized as a cause of ST. In acute MI, vasoconstriction and underlying thrombus may lead to underestimation of the reference vessel size and positioning of an under-sized stent. 32, 33 Despite the use of thromboaspiration, residual thrombosis between the struts and the vessel wall has been demonstrated and could potentially be a cause of early ST. 34 Of interest, the rate of late thrombosis, which was the main concern for the use of DES in acute MI was low in both groups.
Limitations of the Study. The source data were verified in a random sample representing 20% of the patients enrolled in e-SELECT. While this compares favorably with other recent stent registries, 26, 35, 36 the underreporting of adverse events remains a potential limitation. However, the monitored sample confirmed that the data collection was reliable. Moreover, the 1.5% rate of definite ST at 1 year among our patients presenting with acute MI was close to the 2.0% reported by the fully monitored randomized TYPHOON trial that used the same DES. 4 Another limitation is the fact that patients enrolled were evidently selected, since they were included in the registry only after having undergone successful implantation of a SES, and had no contraindication to prolonged DAPT. Finally, the CYPHER Select R or CYPHER Select R Plus SES stents will no longer be available for use after 2012. 
Conclusions
In selected patients presenting within <24 hours of acute MI onset and highly compliant with DAPT, the implantation of SES was associated with low MACE rates, similar to those observed in more stable patients. The rate of ST was higher in patients presenting with than without acute MI.
